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A B S T R A C T
Policy making is required in cases in which a public good needs to be either maintained or created, and
private or civil initiatives cannot deal alone with this. Policy making thus starts with a phase of problem
identiﬁcation and determining whether there is a problem that needs to be dealt with. Rapidly evolving
contexts exert inﬂuence on policy makers who have to take decisions much faster and more accurately
than in the past, also facing greater complexity. There is a need for a method that lowers the lead time of
the exploratory phase of the policy cycle. At the same time the method should create a joint
understanding of the most important interactions. This paper proposes QUICKScan, a method, process
and spatially explicit tool, to jointly scope policy problems in a participatory setting, investigate the most
important interactions and feedbacks and assesses the state of knowledge and data of relevance to the
problem. QUICKScan uses strongly moderated participatory workshops bringing together a wide range of
stakeholders relevant to the policy issue. These moderated workshops jointly build an expert system in a
spatially explicit tool using functionality of bayesian belief networks, python programming, simple map
algebra and knowledge matrices, with a strong focus on visualization of results. QUICKScan has been
applied in 70 different applications in a range of different policy contexts, stakeholders and physical
locations. Through these applications participants were able to internalize the knowledge that was
usually handed to them in briefs and reports, to develop a joint understanding of the main interactions
and their link to impacts and to develop a problem statement and solution space in a reduced lead time.
Ultimately, QUICKScan demonstrates another role of science, not solely as a knowledge production, but
also facilitating the knowledge consumption.
ã 2016 Elsevier Ltd. All rights reserved.
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It has become clear that it is extremely difﬁcult to have societal
and economic development without compromising environmental
sustainability, which is the eco-social system that humanity
maintains and depends upon (PEER, 2010). Drivers of change, such
as demographic development, resource depletion, loss of ecosys-
tem services, natural hazards and climate change have become
threats to social and policy issues such as water- and food security,
social wellbeing, energy security and a prosperous economy (
United Nations, 2014). The spatial distribution, scale and com-
plexity of the interactions between these issues and drivers
represent a challenge for policy makers, spatial planners,
researchers and the public at large. While the scientiﬁc community* Corresponding author.
E-mail address: peter.verweij@wur.nl (P. Verweij).
http://dx.doi.org/10.1016/j.envsci.2016.07.010
1462-9011/ã 2016 Elsevier Ltd. All rights reserved.tries to ﬁnd testable explanations between drivers and issues, the
public sector sets societal goals such as sustainable development,
nature conservation and environmental quality. Spatial planners
organize the distribution of human activities across territories of
different scales according to an overall strategy (United Nations,
1987). It is the role of policy makers at different levels of
government to facilitate and encourage mitigation, adaptation and
prepare for likely changes by achieving the level of transparency
needed to obtain the public support for taking far reaching
measures. For both it is a challenge to formulate initiatives which
bring together as many, often conﬂicting, interests as achievable.
Policy making is required in cases in which a public good needs
to be either maintained or created, and private or civil initiatives
cannot deal (alone) with this. Policy making is typically
conceptualized as a cyclical process (Fig. 1), that goes through
different stages of analysis, design of policy options, implementa-
tion and review (Zamparutti et al., 2012; Jansen et al., 2007;
Winsemius, 1989). Especially in the ﬁrst stages of problem
Fig. 1. Policy cycle of dealing with a problem.
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science has a role to play, and is traditionally seen as the supplier of
evidence (Gibbons et al., 1994; Sterk et al., 2009), that can then be
consumed by policy makers.
As an example of a step in the policy cycle and its relation to
evidence, Impact Assessment (IA) is a decision support method to
ensure that sustainability concerns are taken into consideration by
identifying a problem, setting an objective and choosing between
alternative options to reach that objective. An evidence based IA is
becoming increasingly important in societal decision making and
policy development (Turnpenny et al., 2009). It enables policy
makers, decision makers and spatial planners to maximize beneﬁts
to society and minimize unwanted side-effects. The analysis
should cover the impacts in the targeted domain and regions, as
well as unintended impacts, side effects and trade-offs in adjacent
domains and regions.
Rapidly evolving contexts exert inﬂuence on policy makers who
have to take decisions much faster and more accurately than in the
past. Current practise of IA is often found to be ‘an expensive and
time consuming regulatory hurdle’ (Pope et al., 2013), while also
methods of evidence provisioning in science through modelling or
experimental work are time and resource intensive. Often by the
time the evidence is produced through scientiﬁc methods, the
(policy) context has changed, and is concerned with other items
(Adelle et al., 2012). “Increasingly science is expected to support
decisions by providing urgent answers to complex, uncertain
questions. Typical complaints are that science takes too long, or
provides unreliable answers that turn out to contradict stake-
holders’ experiences resulting in stakeholder disappointment.
Stakeholders must necessarily work together to deﬁne the right
question, and delineate how approximate the answer can be, and
still be useful. Scientists must deﬁne how vague the question canbe, and still be studied. Both require certainty  of expectations for
a given question, and of reliability of the answer (contingent on
current understanding)” (Guillaume and Jakeman, 2012). Where
the integral character of policy making and planning hampers a
responsive adaptation to new circumstances a demand for more
agility exists. Especially steps requiring ‘scientiﬁc evidence’ and
‘consultation with external stakeholders’ need to be streamlined
into the process.While policies are often conceived on the basis of
current trends, there is a growing need to improve anticipatory
thinking to capture both the future risks and opportunities
(European Commission, 2013a,b).
In response to the demand for shorter lead times and more agility,
scientiﬁc methods have been developed for the early phases in
policy making and spatial planning, which are exploratory by nature.
In these phases, problems and stakeholders are identiﬁed, objectives
are set and alternative options (i.e. scenarios, (spatial) strategies)
deﬁned. Scientiﬁc methods available in the exploratory phase are
expert groups (European Commission, 2010), Rapid (Participatory)
Appraisal (McCracken et al., 1988; Ison and Ampt, 1992), qualitative
deliberative participatory methods (Davies and Dwyer, 2008),
preference elicitation (Kodikara et al., 2010; Aloysius et al., 2006)
or fuzzy cognitive mapping (Kosko, 1986; Jetter and Kok, 2014).
These methods result in storylines, preference functions, score
tables, or concept maps showing linkages and directions of inﬂuence
between major problems, drivers, valuations and other concepts.
However, additional steps such as modelling are required to quantify
impacts and use those to iterate, ﬁne tune or improve preferences,
options and storylines. Ideally, this would be done during the
participatorysessions, resulting in an understandingof the inﬂuence
of key drivers on key outputs as perceived by the stakeholders
engaged in the participatory process. Thus, there is a need for a
method that lowers the lead time of the exploratory phase of the
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important interactions in a participatory setting, as a way of capacity
building across actors.
This paper introduces a method, process and spatially explicit
mapping and assessment tool, named QUICKScan, to jointly scope
policy problems in a participatory setting, investigate the most
important interactions and feedbacks and assesses the state of
knowledge and data of relevance to the problem (see Fig. 1). The
paper demonstrates the usability and usefulness of the QUICKScan
through an overview of a large number of applications with
different policy contexts and questions considered across a range
of spatial and temporal scales.
2. Methods
2.1. Overview
QUICKScan is a participatory modelling method (KorfMacher,
2001; Voinov and Brown Gaddis, 2008) that links stakeholder- and
decision maker knowledge and preferences to available spatial-
and spatio-statistical data, and is designed for group use, e.g. in a
multi-stakeholder workshop setting.
During suchworkshops aniterativeapproach is followed,starting
with simple (knowledge-based) rules (equations) and step-by-step
adding complexity, using the participants’ interpretation of model-
results. Results are visualized in interactive maps (McCall, 2003;
Jankowski, 2009), and summary charts and trade-off diagrams.
Successive iterations are used to 1) improve the quality of the model,
2) tryoutalternative(spatial)plans andpolicyoptionsand,3) include
different stakeholder values and perspectives.Fig. 2. –Sequence of QUICKScan phases: scoping, preparation, workshop and reporting. T
complexity. Several tools are used to support knowledge exchange between participanKnowledge of the participants is captured in a computer
program and encrypted in a conditional (e.g. ‘if A then B’), mostly
qualitative form, as is common in expert systems; humans tend to
represent their knowledge qualitatively rather than quantitatively
(Newell and Simon, 1972) (e.g. ‘Mary is small, but Clarissa is smaller’
as opposed to ‘Mary is 1.68 m and Clarissa is 1.62 m’). The computer
program can show how a conclusion is reached by visualising the
chain of knowledge and the data. The knowledge is separated from
the reasoning and from the data on which it is applied.
(Negnevitsky, 2002; Buchanan and Smith, 2003; Yuchuan Chen
et al., 2012).
2.2. Process
Each QUICKScan follows a number of logical steps: scoping,
workshop preparation, the workshop itself and reporting on results
and observations (Fig. 2).
The scoping phase starts with clarifying the decision context
(Gregory et al., 2012) and deﬁning the objectives. It ends with the
formulation of key questions by the client. Examples of key
questions are: ‘what are Ecosystem service impacts of ecological
reconstruction plans? Which are relevant ecosystem services? ’, or
‘what management options are available for increasing agricultural
production? Which ones are acceptable? ’.
In the preparation phase participants are identiﬁed, evidence
and potential alternatives are gathered and data is collected. There
are various techniques to identify participants. The choice of a
speciﬁc participant identiﬁcation technique strongly depends on
the project context, the project phase and the available resources
(Luyet et al., 2012). To ensure inclusion of all relevant stakeholders,he workshop phase is characterised by many iterations in which each iteration adds
ts: whiteboard, post-it, ﬂipchart, computer and video projector.
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identify key participants together with the donor and problem
holder. Subsequently additional participants may be identiﬁed by
consulting the key stakeholders. Typically we aim at a variety of
participants including decision makers, interest groups, topic
experts and data experts that have different attitudes, conﬂicting
perspectives, power, urgency and proximity to the key question
(Mitchell et al., 1997).
Evidence is gathered by studying background information and
interviewing participants aiming at new ideas (Ampt and Ison,
1989; Ison and Ampt, 1992). Together with the background
information these semi-structured interviews provide the basis
for data collection as the interviews provide insight on participant
perspectives on criteria, consequences, trade-offs, alternatives,
estimations and perceived values. Data may refer to bio-physical
(e.g. soil, elevation), classiﬁed Remote Sensing (e.g. land cover),
census data (e.g. population density), results from model runs (e.g.
climate projections), or spatial plans. If required data are not
available a proxy might be used (e.g. when in need of information
about accessibility of forests, e.g. for timber harvesting, slope may
function as a proxy).
The workshop is setup following iterations of model conceptu-
alisation, make stakeholder knowledge explicit, compute indicators
and model evaluation based on the resulting indicators. The
evaluation is used to adapt the model in the successive iterations.
 Develop model concept—The participants jointly inventory
relevant indicators, indicator metrics and alternatives. i.e. the
indicator ‘timber production’ might be measured qualitatively in
terms of {low, medium, high}, or quantitative in tons/hectare/
year. That indicator ‘timber production’ might be derived
following different alternatives, such as: from land cover map,
or from forest management, growing stock and forest type. Other
alternatives might include: timber production in the current
situation and in a possible future (e.g. from spatial plans, or
climate projections); or compare different stakeholder perspec-
tives.
 Make stakeholder knowledge explicit—The participants relate
indicator concepts to available data by building a causal chain of
participants’ knowledge. Their knowledge can be a mix of formal
science, local and indigenous knowledge (Pert et al., 2015;
Thaman et al., 2013), tacit knowledge, assumptions and
perceived values.
 Compute indicators—The tool operator calculates indicator maps
and summary charts as requested by the participants (e.g.
average per administrative unit, or trade-off of a number of
indicators per administrative unit).
 Evaluate—the participants evaluate the performance of the
indicators in a single alternative, or evaluate the performance
of summaries of indicators across alternatives. The evaluation
might trigger another iteration in which participants identify
additional indicators, perspectives and reﬁning knowledge.
After the workshop has ended the results and the participants’
evaluations are documented in a report to secure progress, and
establish agreements and disagreements.
2.3. People
Several people are involved in a QUICKScan workshop with the
following roles:
 Participants—decision makers, interest groups and topic experts.
 Discussion facilitator—guiding the group with a focus on how
things are discussed and securing that tasks are done and
speciﬁed problems are addressed. Modeller—analysing the participants’ discussion, extracts spo-
ken knowledge and transfers it into modelling terms.
 Computer program operator—puts modelling terms into the
computer program and, initiates calculations, shows maps and
summary graphs, keeps it all organised and ensures every
participant understands the model. Often the role of operator
and modeller are combined in one individual.
2.4. The tool
The QUICKScan computer program encompasses a modelling
environment that needs to be ﬁlled with spatial and statistical data
during the preparation phase. The tool is not restricted to a speciﬁc
geographic location or spatial resolution. Knowledge rules,
capturing participant knowledge, are used to combine data and
derive indicators. Typically the rules use classiﬁcations to describe
quantitative data and typologies to give qualitative data meaning.
Rules may be linked together to form a chain of rules. Alternative
(chains of) rules are used to capture different options. Derived data
from alternatives can be aggregated (e.g. by administrative units,
or biophysical units such as catchments, or climatic zones) to be
displayed in tables and charts for overviews (Fig. 3). Additional
functionality is listed in Table 1.
2.5. Tool development process
The development of the QUICKScan started with a scoping
phase in which the strategic aims, short term objectives and
boundaries were set. The development process focused on users
and their needs. User involvement was organised by identifying
several sounding boards in order to gain: mutual understanding,
insights in the user needs and support from the targeted
communities. The different sounding boards had different meeting
frequencies depending on their role.
The QUICKScan concept was shaped via one-on-one semi-
structured interviews (Wilson, 2013) and workshops with the
sounding boards. This conceptualisation phase resulted in
guidance on the workshop process and a software concept in
terms of wire frames and a technical architecture. ‘Wire frames’ are
prototypes addressing the layout of a screen and deal with
information, structure, relationships between information and
ﬂow between screens (Verweij et al., 2014a).
The actual software development followed an agile approach
with a sequence of time-boxed activities: design, develop, test,
deliver, elicit feedback and the planning for another iteration
(Verweij et al., 2010a,b). After several iterations we’d built enough
functionality to start using it in actual workshops. Each workshop
provided insight on new software functionality to build and
deepened and broadened the guidance on the workshop process.
2.6. Approach to evaluate QUICKscan performance
The ﬁndings described in this paper are based on an analysis of
two sources of information and data:
1 QUICKScan has been applied in a multitude of situations over
the past few years, all with some policy dimension and with a
diversity of problems, options considered and spatial and
temporal scale. These applications were prepared and facilitated
by the author team and some others over the past years.
Strategic reﬂection occurred with representatives of the
European Environment Agency over the years to specify the
steps in the process and organisation required to reach the
expected outcomes. All these applications represent a process of
learning by doing and gradual reﬁnement of the approach.
Fig. 3. –Screen shot compilation of the QUICKScan tool. A typical QUICKScan exercise starts by populating the system’s data and rule library ‘10 with spatial and statistical data
relevant for the study (e.g. elevation and forest management). ‘20 is an example of an if.then.else rule deﬁning potential timber production based on the growing stock and
forest management. Data and rules are dragged onto the canvas and linked together forming a chain (see ‘30). Rules are applied to the data to create maps (‘40). Results of
alternative chains may be compared in aggregated bar charts (e.g. potential timber production proﬁt per administrative unit, or climatic zone).
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collected after the workshops, in some cases in structured
formats, in other cases by discussion and reﬂection. The
feedback from participants is summarised below to explain
aspects of the functioning of QUICKScan and highlight strengths
and weaknesses. The feedback of participants has also been used
in improvements of the methodology.
3. Results
3.1. Overview
Since 2010 successive versions of QUICKScan have been applied
in approximately 70 workshops in 20 countries (see Annex 1), e.g.
China, Romania, Darfur, Hungary, Brazil, France and the
Netherlands. More than 40 were in a setting with 5–30
participants. The remaining applications have been done by an
individual usually scientist– as a desk study with regular
consultations with fellow scientists and/or stakeholders on results
and modelling approach. The participatory workshops varied in
turnaround time from 3 h to 25 days. The latter involved 5
workshops of 5 days each with a time lag of 3 weeks between
each consecutive workshop. The shorter workshops were explor-
ative, while the longer ones focused on getting more accuracy intothe assessment. Most of the workshops took a single day. The
application domain ranges from environmental planning, ecosys-
tem service assessment, sustainable management, natural capital
and green infrastructure to crop production, water management,
outdoor recreation, nature development, land use restoration and
mineral exploitation. The scale of the applications varied from local
to continental with a spatial resolution from 5  5 m2 to 1 1 km2.
Most applications have been carried out at regional, national and
continental scales with a resolution ranging from 100  100 m2 to
1 1 km2. In the following paragraphs results from three different
workshops are described that vary in objective, duration and
number of participants.
3.2. Sample result 1, explorative assessment-potential timber
production of France
In the context of the EU Biodiversity Strategy to 2020 Member
States map and assess the state of ecosystems and their services
(Braat and de Groot, 2012)in their national territory with the
assistance of the Commission (European Commission, 2011) to
help decide on what ecosystems to restore with priority where
(Maes et al., 2013). 17 Member States were trained in mapping
ecosystem services (Braat et al., 2015; Pérez-Soba et al., 2015). The
Table 1
–Listing of software functionality and its rationale.
Function Rationale description
Standardisation Bring all indicators in the same domain space. Standardize quantitative and ordinal data between 0.100.
Spider diagram Trade-off analysis between indicators, alternatives
and regions.
Display multiple indicators of multiple alternatives in a single spider. Each
indicator is standardised before display.
Linked maps Facilitate the visual comparison of several
indicator maps.
Show multiple driver and indicator maps in separate, but spatially synchronized
windows. Zooming and panning in one map makes the other window follow.
Moving your cursor on one window makes the cursor in the other maps follow.
Difference map Compare alternatives. Highlight the differences from two alternatives that speciﬁed the same indicator
(e.g. different times, or with different assumptions).
Difference chart Compare alternatives. Show areal loss and gain between two alternatives.
Bar chart Compare alternatives and regions. Show indicator scores summarised per spatial unit (e.g. administrative units) and
alternatives.
Sustainability limits Show how sustainable a location, or spatial
aggregation is from a limit. Either below, or above
the limit.
Sustainability limits include thresholds, standards and policy targets (Paracchini
et al., 2011). Limits can be deﬁned per indicator and may vary per spatial unit (e.g.
administrative unit, or biophysical stratiﬁcation).
Weighted average Create a composite indicator (for Multi-Criteria
Analysis).
Do a weighted sum on two or more indicators. The indicators are standardised
before summing them up.
Bayesian Belief Networks
(Stelzenmueller et al., 2010;
Haines-Young, 2011;
Gret-Regamy et al., 2013)
Support reasoning with uncertainties. Include uncertainties in the knowledge rules and visualise the propagation the
(un)certainties.
ArcPy Support map algebra (Burrough et al., 1998). A set-based algebraic language to manipulate geographic data, such as
subtraction, multiplication, or shortest path analysis.
Tracing Model transparency. Clarify the causal pathways
from drivers and (management) options to the
impacts.
From every location in an indicator map the chain of reasoning can be shown
following the chain of participant knowledge and data. The path of reasoning is
location speciﬁc. This tool is commonly used to iterate and tune speciﬁc causal
relationships.
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service by France.
During a three hours session a policymaker, an expert on
Ecosystem Services and a GIS data expert of France set out to map
estimates of ‘potential timber production’ supported by a QUICKS-
can modeller. Initially they explored available maps of France
accompanied by storytelling to get a shared understanding of the
location of forests, the circumstances under which they grew and
the earnings of selling the timber. Maps included: CORINE land
cover (EEA, 2013), forest management (Hengeveld et al., 2012), the
road network for accessibility to harvest timber, and climate zones
(Metzger et al., 2005) inﬂuencing growth rates.
The participants discussed the metric to use for measuring the
amount of timber production, including ordinal qualities (‘a lot’,
‘moderate’, ‘little’) and quantities in tons/hectare/year. Given the
objective, data availability and time availability they chose to use
quantitative ranges expressed as ordinal qualities (‘<500, ’50.1000,
‘100.2000, ‘200.3000, ’>3000 tons/hectare/year). Iteratively the
participants developed four alternatives: 1. Map timber production
directly from CORINE land cover; 2. Map timber production based
on growing stock (EEA, 2014) and forest management; 3. Include
accessibility using slope as proxy under the assumption that too
steep places are unfavourable to harvest; 4. Include tree species
(Brus et al., 2012) to correct for species characteristics inﬂuencing
the extractable net timber. In the last alternative the average
species price per ton was used to calculate the proﬁts per
administrative unit for all of France. Fig. 3 shows part of the rules
forming the model as created by the participants.
The participants assessed their modelled results positively
using their personal knowledge and ofﬁcial reports with statistics
per administrative units as comparison. The monetary valuation
was evaluated as a coarse proxy. The government ofﬁcials clariﬁed
that the experienced learning-by-doing (Gavrel et al., 2016)
created a much deeper understanding than what they typically
get from written, or spoken form. This workshop demonstrated
how the Member State can map ecosystem services to help decide
on what ecosystems to restore with priority, and where. The
workshop clariﬁed the mapping expectations of the European
Commission and it enabled the participants to produce additional
requested maps independently.3.3. Sample result 2, participatory model development-wetland
management in the Chinese Yellow River delta
The Yellow River Delta (YRD) is located between Bo Sea Bay and
Laizhou Bay in China. It is a delta with weak tide, much sediment
transport, frequent displacements and forms the most complete
and extensive young wetland ecological system in China. On the
east-Asian migration routes it offers breeding, wintering and stop-
over places for many migratory birds, among which are very rare
species like the Red-crowned crane and the Saunders’s gull. The
YRD is also an important base for aqua-culture and has been
appointed as national agricultural development area. The delta
faces inﬂuences of urbanization, pollution and fragmentation
caused by oil development. In recent years regulation of the river
course to the delta and decreased sediment loads have led to
salinization and a trend of rapid decrease of wetlands. The
freshwater wetland area has decreased half in size in the last 20
years, destroying the connectivity and integrity of the wetland
ecosystems. The habitats that are used by rare birds are facing the
danger of disappearance.
What would be a more balanced water allocation for sustain-
able development of the wetland nature reserves, dealing with the
effects of land use changes and variations in the ﬂooding regime?
During one and a half year 5 10-day workshops were organised
with the Yellow River Conservancy Commission (YRCC), hydrolog-
ical and ecological experts from the University of Najing and the
Chinese Academy of Science, Dutch consultants and local stake-
holders to deﬁne scenarios, spatial strategies, indicators and
compare scenario and strategy impacts. Stakeholders were
selected by the YRCC based on their dependency of water from
the Yellow River and included the Nature Reserve Authority and
urban planning of Dongying municipality. Both also representing
agriculture and aqua-culture farmers within their territory. Since it
was argued that the oil industry predominates all other interests it
was decided not to include it in the workshops. Stakeholder
presence varied with relevance per workshop.
The study started with an inception workshop resulting in a
diagnosis of the problems, deﬁning the boundary conditions and
approach of the study in detail, and including indicators for
measuring ecological performance. Four additional workshops
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speciﬁc objective, such as the deﬁnition and reﬁnement of
scenarios, spatial strategies, ecological qualitative rule-based
modelling and hydrological modelling (to be denoted as water
models). During each workshop the focus groups worked in daily
iterations. At the end of each day each focus group presented their
progress for plenary discussion and acceptance by ofﬁcials.
In the ﬁrst workshop sessions were organised to: 1) deﬁne
scenarios, spatial strategies and indicators based on the proposals
by YRCC, 2) do an inventory of required available spatial data, 3)
choose water management options and, 4) model the ecological
effects based on expert rules. In consecutive workshops scenarios,
spatial strategies and the knowledge rules were reﬁned.
Each workshop involved modelling. Due to their complexity
and data needs the water models were run once, or twice during a
workshop. At the start of a workshop parameters for a scenario
(water volume per unit of time) and spatial strategy (location of
dams) were chosen to be fed to the models. Resulting ground water
level and ﬂood duration maps were discussed afterwards.
The semi-quantitative ecological model was built with the
stakeholders keeping the targeted indicators constantly in mind
and using those as a starting point for back reasoning the causal
relationship from habitat suitability towards the inputs generated
by the water models (Eupen et al., 2007). The ecological know-how
was gathered and implemented during the workshops and
included the deﬁnition of ecotope-, vegetation and physiotope
typologies and rules for vegetation development. During a daily
session multiple iterations of ecological model adaptation,
execution and result analysis were made.
During the workshop the participant awareness of possible and
feasible water allocation increased. Later, part of the wetland
nature reserve was given the Ramsar status as result of this study
(Ramsar Convention Secretariat, 2013).
3.4. Sample result 3, scientiﬁc method development—ecosystem
integrity in the Brazilian Amazon
Deforestation and climate change heavily impact the ecosystem
of the Amazon rainforest threatening its resilience and the
sustainability of many human activities. The notion of Ecosystem
Integrity is used as a synonym for intactness, completeness and
integration of ecosystems. Land protection may prevent ecosys-
tems and their services to deteriorate from the pressures of
agricultural expansion, population growth and wood harvesting. In
the Brazilian Amazon land protection occurs in several forms such
as environmental conservation, setting biodiversity priority areas
and the delineation of indigenous lands. Still, the effects are not
clear as understanding of the ecosystems is incomplete and
responses to human actions are highly uncertain.
Bayesian Belief Networks (BBN) are models that probabilisti-
cally represent correlative and causal relationships among
variables. BBNs have been successfully applied to natural resource
management to address environmental management problems
and to assess the impact of alternative management measures.
While BBN’s are used to study results from deliberative participa-
tory questionnaires linked to GIS-data (e.g. Gret-Regamy et al.,
2013) and in preference elicitation methods with a very little
amount of spatial entities (e.g. Haines-Young, 2011), few studies
have fully integrated BBNs and GIS and explored the resulting
beneﬁts (Stelzenmueller et al., 2010). By training the probabilistic
relationships using ﬁeld data, Remote Sensing data and GIS data
the BBN can provide information on the ecosystems: the
ecosystem integrity and their likely response to climate change
or alternative management actions. For this study the QUICKScan
software was extended with BBN functionality to allow BBN’s to be
applied on spatial data without the need for time consuming anderror prone manual conversion of data between GIS software and
BBN software.
During an initial tele-conference ecosystem experts and spatial
modellers set up a conceptual map (Novak, 1991) of ecosystem
integrity that ﬁt the perceived reality of the local experts. Based on
the identiﬁed drivers satellite imagery was used to create driver
maps of leaf area index (Watson, 1947), Gross Primary Production
(Prince and Goward, 1995), evapotranspiration and vegetation
cover (Amthor and Baldocchi, 2001). The conceptual map was
transferred to a prototype ecosystem integrity BBN-model and was
tested against experts’ expectations. To test the effect of the
inclusion of probabilities mechanistic rules were developed
simultaneously. The results of both approaches were compared.
The statistical BBN relationships and the mechanistic rules in both
models were iterated upon during several tele-conferences with
the Brazilian ecosystem experts, Brazilian Remote Sensing experts
and Dutch ecosystem modellers and QUICKScan experts. In
between the tele-conferences more Remote Sensing- and GIS
data was gathered by the Brazilian experts. which was integrated
during the tele-conferences. The iterations stopped when the local
experts were satisﬁed with the result and identiﬁed the necessity
to further tune and proof the model with ﬁeld data.
The study showed that the concept of Ecosystem Integrity can
be mapped using high resolution satellite imagery. Both the
mechanistic rules and the BBN resulted in a similar statistical
overall distribution of the Ecosystem Integrity. However, the
modelled spatial patterns were quite different. The local experts
judged the BBN to better ﬁt reality. The BBN model showed more
gradual integrity transitions and better positioned the well-known
biodiversity hotspots. This study is input for the evaluation of
existing and assessment of potential future conservation areas and
indigenous lands. The study has been published in Verweij et al.,
2014b and Simões et al., 2015.
3.5. Participant feedback
At the end of workshops participants were asked to shortly
reﬂect upon how they perceived the workshop. Annex 2 provides a
list of the feedback. Based on this feedback the following topics
supporting the approach were extracted:
 The method speeds up the ﬁrst stages of the policy cycle (Fig. 1):
gaining understanding, ﬁnding evidence, identifying data and
knowledge gaps and the rapid evaluation of strategies when
doing impact assessments.
 The method stimulates to truly work interdisciplinary. Each
individual responds to the visualisations of modelled results,
which is then discussed by the group
 This proves it is possible to do an assessment without complex,
time consuming and expensive modelling.
Critical reﬂections include
 If the stakeholders don’t bring in important information you
might miss out the effects that make a difference.
 How strong will the evidence-base of the results of a workshop
be back in the political arena?
 The method heavily relies on the availability of spatial data. If
the data is of poor quality you will also get poor results.
4. Discussion and conclusion
As demonstrated above, the QUICKScan methodology operates
on the science-policy interface and can be employed in a range of
different circumstances to jointly develop an understanding of
the problem and solution space in early phases of policy
54 P. Verweij et al. / Environmental Science & Policy 66 (2016) 47–61development. QUICKScan has matured via a large number of
applications (Annex 1) to an off-the shelf methodology for policy-
science interaction in the exploratory phase of policy develop-
ment. We demonstrated that the methodology is capable of
developing storylines, selecting indicators for measuring the
objective achievement, gaining and processing of stakeholder
knowledge and jointly create new model(s) as is done in
participatory modelling (Voinov and Brown Gaddis, 2008).
QUICKScan offers access to spatially distributed phenomena
and provides interactive zooming, overlaying, temporal compar-
isons and many visualization options as used in participatory GIS
as part of its tool (McCall, 2003; Jankowski, 2009; Cutts et al.,
2011). QUICKScan is applicable in situations that Ittersum et al.,
1998 calls explorative; a situation with high uncertainty and high
causality.
4.1. Three main beneﬁts of QUICKScan emerged during the
applications.
First, the use of QUICKScan resulted in a reduction of lead time
for the problem scoping phase of the policy cycle. In situations with
uncertainty on the precise deﬁnition of the problem, the
implications in different futures and the possible responses in
scenarios, it produced rapidly a joint understanding of the main
relevant interactions, the impact on indicators and commitment
from different stakeholders for future steps. Even if the lead time
includes time for data preparation and initial discussions on
problem formulation before the main event in the workshop, in all
cases it was still faster as a policy ofﬁcer contracting out extensive
research on a speciﬁc problem for evidence gathering, or as expert
group consultations. As an added beneﬁt the results of the
workshops often provided pointers to questions in which more
evidence has to be gathered, or a more extensive stock-take of the
available evidence is required in further development of the
policy options. Such next steps could for example be executed
with more detailed system dynamics models including feedback
loops.
Second, the application of QUICKScan resulted in a better joint
understanding across stakeholders. Rodela et al. (2015) found that
QUICKScan performs well on knowledge integration, learning and
shared understanding. Particularly in the workshops, participants
could be carefully selected to represent different perspectives,
while alternatively the approach to the problem could be adapted
to the stakeholders available in some applications where there
were more representatives from science seeking a thorough
understanding from a scientiﬁc point-of-view. Participants are
forced to listen to another, and jointly develop model input
matrices and relationships between variables, on which they all
had their views individually, while at the same time getting an
understanding of the impact on indicators, that were jointly
agreed as crucial reference points. In future discussions and
interactions, the stakeholders could thus have more targeted
exchanges on what they see as the most relevant interactions and
indicators.
Third, participants emphasized the importance of internalizing
the (scientiﬁc) knowledge and data, as it was before only presented
to them in reports, visualisations and publications. By working
with the knowledge, explicitly using it in constructing mental
models, and deﬁning the relationships between variables, partic-
ipants obtained an active understanding of the implications of the
knowledge and data, as impacts could be visualized, and changes in
causal pathways immediately resulted in changes in indicator
values. For this not only the mental model itself was crucial (as
captured in other methods such as Fuzzy Cognitive Mapping), but
also the computation of indicator values as part of the mental
model.The QUICKScan methodology still has some limitations.
First, a clear limitation is its link to spatial thinking, as the tool is
spatially explicit, which excludes any non-spatial problems.
Arguably all problems will have a spatial dimension, however,
this may not be as important nor as apparent as the emphasis it
receives through the QUICKScan methodology.
Second, if the logical model has to include feedback loops and
focuses on explaining the systemic functioning, then more detailed
methods based on system dynamics are required. Arguably an
interactive and participatory setting of problem explorations is not
appropriate for such investigations in systemic functioning, as the
system description will likely soon be too complex for all
participants to follow.
Third, a possible drawback of the use of this type of ﬂexible model
setup is that important drivers may be overlooked if no expertise, or
data of the topic is available. This makes the modelled values of
indicators less accurate or incomplete. To some extent this can be
remedied by already identifying variables early on in the process
from a problem perspective and ﬁnding appropriate data at that
stage. If data is not available, suitable proxies can then be identiﬁed.
Fourth, participants skills and predispositions may be limitative
in some cases. Participants do usually not spend a great deal of
time on preparation for the workshop, unless actively involved
early on, which may not be possible for all participants. Some
participants might then not agree with the approach as important
details are overlooked from their perspective, or data was not
included in the preparation that they believe is crucial.
This all emphases the importance of skilled facilitators who can
also mediate the use of technology and spatial data and thinking in
participatory settings.
Further extensions of the QUICKScan methodology are continu-
ously being worked on. As an example, a link to a map table is being
explored, inwhich the map table can be used as an interactive tool for
some of the discussions by participants and by directly outlining
areas on a map (e.g. conservation areas). Also an online platform is
continuously build to document the different applications, which
could in the future be used to bring data, results and models together,
but also allow for continued discussion and exchanges between
participants remotely. Finally, more computational tools are being
addedtothe libraryof functions available inthespatiallyexplicit tool,
including land use and land cover projections (Verweij et al., inprep.)
and an extension of Multi Criteria Analysis.
In conclusion, QUICKScan speeds up the early phases of the
policy cycle by facilitating knowledge uptake and internalization
through a strongly mediated participatory process. In these multi-
stakeholder processes, science is not merely a messenger of data
and knowledge products through reports and brieﬁngs, but is
integrated together with local and tacit knowledge to reach
broader support for policy making. QUICKScan is relevant to the
problem and solution scoping phase in policy processes when
there is a clear spatial component. Similar methodologies could be
developed in other policy processes.
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Annex 1 : Listing of case studies and their characteristics
Case Study Objective Data Type Participants Setting Impact
Green Infrastructure of
Europe (EEA, 2011;
Verweij et al., 2012)
What part of the Natura 2000 areas
could be seen as Green
Infrastructure? And as Natura 2000
is the core, what other areas might
be included based on what
assumptions?
Pan-European spatial datasets with
a 1 km2 resolution: protected nature
areas, land cover, High Nature Value









During two days, three half-day
workshops were organised with
European policy assessors and
domain experts from across Europe.
Within workshop 1 the policy
context was delineated and
alternatives and indicators deﬁned.
The experts used previously
gathered maps to derive the
indicators for all alternatives in
Workshop 2. The next morning the
results were presented to the






the Yellow River delta
(Eupen et al., 2007;
Verweij et al., 2010b;
Wang et al., 2012)
What would be a more balanced
water allocation for sustainable
development of the wetland nature
reserves, dealing with the effects of
land use changes and variations in
the ﬂooding regime?
5050m2 resolution: land cover,
topography (incl. oil pump jacks),












During one and a half year 5 ten-day
workshops were organised to deﬁne
scenarios, spatial strategies,






Long term: gave RAMSAR
status to part of the
wetland nature reserve
Soybean Expansion in
Brazil (Barreto et al.,
2012)
What are likely areas for future
soybean expansion? What is the
effect of that future expansion on
indicator species as birds and large
mammals? What areas need
protection?
250250m2 resolution: land use











One year postdoc desk study with








Howmuch agricultural area is being
converted to urban? Is the South
Dafur agricultural system able to
support the population?
100100m2 resolution: soil,
rainfall, land cover (incl. agricultural
crops and livestock grazing areas),
water access points. Statistical data:
consumption per capita, population,










Half year Msc study including
several group discussions and




results indicated that the
livestock production






Klein Lankhorst et al.,
2016; Losekoot, 2013)
How do citizens value the scenic
beauty of the Dutch living
environment different? Can this
purely be based on physical
characteristics of the landscape?
And can citizens be grouped on
societal background given their
valuation?
5050m2 resolution: land use and
topography including high
buildings, glass houses, power










A group of citizen several locations
statisticians determined locations to
test for landscape attractiveness and
identiﬁed citizens to be interviewed
to capture their perception of these
locations.
Validated model is used in
annual reporting




(Winograd et al., 2013)
Where do we expect urban areas to
grow?What are the biophysical and
socio-economic implications for
urban, peri-urban and rural areas in
relation with land cover, green
infrastructure?
Pan European 11km2 resolution:
land cover (historic data and present
situation), urban nigh light,
protected nature areas, elevation,
economic and population density,
accessibility to cities, agricultural








Three workshops with European
urban experts and policy assessors.
Scopingwas performed inworkshop
1. Workshop 2, took half a day and
resulted in the deﬁnition of three
alternatives and the identiﬁcation of
required maps and statistics. During
the last workshop the alternatives
were built and linked to indicators
using knowledge of both





Find relation between climate and
human imposed drivers and



























Case Study Objective Data Type Participants Setting Impact
Ecosystem Integrity of
the Brazilian Amazon
(Verweij et al., 2014b)
ecosystem integrity to ﬁnd likely
future impacts on biodiversity
products (like leaf area index and
vegetation cover), land use, land
cover, environmental protection















(Winograd et al., 2013)
High Nature Value forests are a
hotspot for biodiversity. How can
these forests be best characterised
and where are they located?
Pan European 11km2 resolution:
tree species, forest types, land cover,










Three workshops with European
experts and policy assessors.
Scopingwas performed inworkshop
1. Workshop 2, took half a day and
resulted in the deﬁnition of four
alternatives and the identiﬁcation of
required spatial data. During the last
workshop the alternatives were
built and linked to indicators using
knowledge of both participating




Risk mapping for soil
Carbon under climate
change (Hijbeek et al.,
2016, in prep.)
Find hotspots of soil carbon stock
that are sensitive to climate change
endangering the sustainability of
farming systems.
11km resolution: soil texture,












One month scientiﬁc expert desk





Impact of climate change
on biodiversity in Pan-
European protected
areas
The aim of the European Natura
2000 network is to assure the long-
term survival of Europe's most
valuable and threatened species and
habitats (European Commission,
2013a,b). How does the future
climate variability change and how
vulnerable are the protected areas to
this change?
11km2 resolution: maps of
Natura 2000 areas (EEA, 2013),
climate projections (fromEU FP6
Integrated Project ENSEMBLES,
Contract number 505539), Digital
Elevation Model, Land cover,








During a half a day workshop we
evaluated the impact of various
climate projections (REF TO
ENSEMBLES) on the protected areas
on basis of the participants
expertise
Created more in depth
questions, created
awareness of usefulness of






What are the main vulnerabilities
and risks to climate variability and
climate change at local, regional and
national scale? What are the best
mitigation and adaptation options?
Population and agricultural census
data, 11km2 resolution: land
cover, land se, temperature and
precipitation (both actual and
projections), topography, elevation,














One month expert desk study with
regular feedback rounds from
decision makers
Strengthened capacity on
how to do a vulnerability
assessment
Pantanal River, Brazil
(Jongman et al., 2005)
Build capacity to develop a coherent
river management organisation to
reduce unwanted effects in the
Brazilian Pantanal, like: permanent
inundation caused by sanding up of
the Rio Taquari.
100100m resolution: land use














Three workshops of a week with
scientiﬁc experts to build the model
and two workshops with farmers
and policy maker to evaluate and
improve the rules by including their
tacit knowledge.
Local farmers change
position and join forces





Taiwan (Yang et al.,
2011)
What spatial plan is optimal for both
ﬂood prevention and habitat
restoration?
2525m resolution: land use,
ﬂooding frequency, elevation, hydro
network, man-made water











stakeholders to develop ﬂood
preventive scenarios.
4 months scientiﬁc expert desk
study with regular feedback rounds
from fellow scientists.
Raised political awareness




















use (Boogaard et al.,
2003)
What is the value of land for
different agricultural functions?
How can we optimally allocate
ownership of lands?
3030m resolution: soil type,









7 months scientiﬁc expert desk
study with regular feedback rounds
from fellow scientists.
Created valuation of land






Determine nature target suitability
based on site conditions
2525m resolution: water type,
seepage, acidity inﬁltration,











5 months a year scientiﬁc expert
desk study with regular feedback
rounds from fellow scientists
Several Dutch water





spatial planning to adapt
for climate change and
nature conservation
Wetland restoration in
the Liaohe delta, China,
(Xiaowen et al., 2012;
Knol and Verweij, 1999)
Develop scenarios and identify
measures to realize the landscape
targets, locate the spatial areas
involved in these measures, and
determine the ecological impacts on
ﬂagship species.
2525m resolution: vegetation,
land cover, soil, wetness, landscape
target scenarios, measures, roads,

















workshops with stakeholders to
understand stakes and preferences.
Half a year scientiﬁc expert desk
study with regular feedback rounds











for East Africa (Eupen
et al., 2014)
What are the costs and what is the
effectiveness of measures for (1)
minimizing the number of people at
risk for ﬂooding and (2) to minimize
yield gaps in crop production?
Study area 15001000km,11 km
resolution: land cover, ﬂooded area,
soil texture, precipitation, yields,
conservation areas, accessibility,
grazing density, population density,












During one and a half year 10 one-
day workshops were organised to
deﬁne scenarios, spatial strategies,
indicators and compare scenario
and strategy impacts. These
workshops were followed up with
desktop improvements.
Learned that linking local
measures to global data
does not provide plausible
information.
Participatory sessions
have little added value if
complex modelling
approach is a prerequisite.
Software must be robust.
Adaptive management
plan for the lower
Danube river, Romania
What are ecosystem service impacts
of different ecological
reconstruction plans?
1010m resolution: land use,












1day workshop with 12 individuals
in which ESS were identiﬁed,
prioritized and rules deﬁned for
quantifying the value of these ESS.
Two scenarios were developed and
the implications for the ESS assessed
Shared understanding of
the stakes. Joint agenda
setting
Central area of the
Kiskunság National
Park, Hungary
Local experts and nature
management organisations together
(re)thinking the ongoing land use
developments, develop sustainable
land use and water management
options, and consequently help
reveal conﬂicts over land use change
and management.
Study area is part of a long term
socio ecological research network
site (LTSER) 40 40km, 2525m
resolution: land cover,
topographical wetness, accessibility,










1 day workshop in which ecosystem
services (ESS) were identiﬁed,
prioritized and rules deﬁned for
quantifying the value of these ESS.
Prioritize at the local level relevant
services for ﬁve different bird
groups by evaluation of preference,
according to this landscape of
pastures (pollen, nectar) service
capacity of the local population in
terms of priority services.
Organised working group






Map current and future
ecosystem services in
Glenlivit, Scotland
What are currently priority
ecosystem services? How will they
change under different land use
scenarios? Which are the trade-
offs?
1010m resolution: land cover,
topographical wetness, accessibility,













1day workshop in which ecosystem
services (ESS) were identiﬁed,
prioritized and rules deﬁned for
quantifying the value of these ESS.
three scenarios were developed and
the implications for the ESS assessed
Safe environment for
stakeholders to put
forward and try out
extreme scenarios and





















Case Study Objective Data Type Participants Setting Impact
Effects of land use
change on landscape
qualities (Roos-Klein
Lankhorst et al., 2013)
Determine status and likely impacts
of policy scenarios on landscape
qualities for the Netherlands
(cultural history, landscape scale,
historical landscape, recreation
capacity, green infrastructure, visual
disturbance, morphology)
250250m resolution: land cover,
land use, topography, elevation,
vegetation, management of
agricultural and natural areas,







4 Month study with intense
collaboration of thematic experts
and policy assessors. Multiple
workshop sessions, many bilateral
meetings and emails. The model is
updated annually by a small group
of experts and irregular group
discussions.
Validated model is used in
annual reporting





et al., 2013; Braat et al.,
2015; Pérez-Soba et al.,
2015).
Train EU Member States on how to
map and assess the state of
ecosystems and their services in
their national territory to help
decide on what ecosystems to
restore with priority where.
Varies per Member State. Data
resolution ranges from 2525m to
11km on land cover, forest types,
management, elevation, ﬂoods,
accessibility of rural areas and
coastal waters, ﬁshing activities,
standardised prices (e.g. per tree

















A one hour preparatory tele-
meeting to identify key Ecosystem
Services and available data per
Member State.
Two day workshop with each
Member State to map their three
preferred ecosystem services.





(17*3 = 51 maps in total);
Clariﬁcation of the
European Commission’s
objective to obtain the
maps; Participants are
able to create their own
(improved) maps.
Planning for ecosystem
services in Cities: the
Amsterdamcase (Zardo
et al., 2016, in prep.)
Make an explicit link between
physical features of Green
Infrastructure and provisioning
Ecosystem Services
55m resolution: land cover, tree
crown coverage, tree species, tree
element type (e.g. line of trees,
single tree, etc.) NDVI, soil, height of













3 Month study in which regular
expert discussions and participatory





functions in the Dutch
city of Utrecht (Maes
et al., 2016)
The main societal functions for
which municipalities design green
spaces are the aesthetic value of
green spaces and recreation. The
Dutch municipality of Utrecht is
interested in making more use of
green infrastructure in the search of
measures that can help to achieve a
healthy city; for regulating
temperature, air quality, water
storage and drainage and noise
reduction.
1010m resolution: land cover,
road patterns and road usage, tree
crown coverage, tree species, heat
peaks, particulates from trafﬁc,












stress by noise) and
ecology
Half a day workshop with 8
individuals for identifying functions
of green and doing trade-off
analysis. New functions and
indicators where identiﬁed, deﬁned
and validated via group discussion.
Shared understanding on
the effect and scope of
green measures.
Safeguarding access to




The exploitation of minerals in
Europe is an indispensable activity
to ensure that the present and
future needs of the European society
can be met. Access may be hindered
by legislative, biophysical or
community opposition constraints.
Perform participatory land use
planning to overcome these
problems.
Varies per Member State. Data
resolution ranges from 2525m to
11km on geology, sea vessel
routes, accessibility, cultural
heritage, protected natural areas,

















A one hour preparatory tele-
meeting to identify key minerals
and available data per Member
State.
Two day workshop with each
Member State to map their
preferred minerals.
Deeper understanding of
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 Feedback that conﬁrms the QUICKScan approach, include:
 ‘QUICKScan speeds up taking management decisions. It provided us
with the management information we require for taking decisions in
two days. It took our analysts 2 months to do detailed analysis and
then aggregate it to the indicators relevant for our job’ (Business
manager, November 26th 2015)
 ‘This workshop pushes us to truly work interdisciplinary, which at
home we don’t manage to do although we have got the same people
around’ (Business operational manager, November 18th 2015)
 ‘Great to rapidly conduct a semi-qualitative analysis and create map
and graph products while doing so’ (Regional policy maker,
November 5th, 2015)
 ‘Although the data is sometimes of poor quality and knowledge of all
underlying processes incomplete. Let’s work with it and give advice
to the best of our capabilities, as lobbyists will push forward their
agenda’s and decisions are going to be taken anyway’ (Marine
mineral consultant, November 3, 2015)
 ‘The rather extreme scenarios we set up and assessed clariﬁed where
we had to reﬁne and which scenarios didn’t have a relevant impact.
It helped us identify the scenarios that were of potential interest’
(spatial planner, October 13th, 2015)
 ‘Love the possibility to smoothly shift between scales, numbers,
relations and dialogue. Very stimulating’ (municipal ofﬁcial,
October 13th, 2015)
 ‘For several months we have had the idea that our proposed policy
would have huge impacts, but within these few hours we have come
to understand that it will never have the magnitude we had
presumed. We need to adjust our strategy.’ (policy maker, February
19th, 2015)
 ‘We don’t always need to initiate an expensive and time consuming
tender to hire a consultant. This can speed up our work considerably’
(policy maker, February 19th 2015)
 ‘The storytelling of my colleagues at the start of the workshop and
their choice of maps to illustrate it was very interesting indeed.’
(conservationist, January 22nd 2015)
 ‘It is so easy and fast. It feels a bit like a game, but it really makes
me think. Very stimulating.’ (policy advisor, September 10th
2014)
 ‘QUICKScan provides relevant results and is easy to use. GIS tools are
more complex. I am happy to ﬁnd out it is possible to do an
assessment without complex, time consuming and expensive
modelling’ (policy advisor, February 13th 2014)
 ‘The iterative approach of starting simple and adding complexity
later on is very useful. QUICKScan is very practical and easy. It is a
good communication tool’ (scientist, February 13th 2014)
 ‘We are no longer afraid of modellers who say everything is complex.
We can use a far simpler approach and have a useful result. We now
see we should substitute missing data by expert estimates, but this
requires courage against the critique of hard scientists.’ (scientist
and policy advisor, February 13th 2014)
 ‘the use of Knowledge Tables is quite easy and handy as it is helped
us local experts to participate in decision making where we
allocated the available land resources to various livelihood zones’
(local expert, November 2012)
 ‘Information which we can read from internet or from reports brings
us intellectual knowledge. In this workshop we gained hands-on
knowledge. That experience based knowledge goes much deeper
than the theoretical intellectual one’ (policy maker, February 13th
2014)
 ‘QUICKScan is crisp and clear. A very elegant tool’ (policymaker,
March 22nd 2013)
60 P. Verweij et al. / Environmental Science & Policy 66 (2016) 47–61 Critical reﬂections include:
 ‘This approach uses constant expert gut-feeling assessment of
knowledge, results and uncertainties. This is no objective assess-
ment.’ (Policy advisor from industry, November 5th, 2015)
 ‘There is too little time to study themeta-data to objectively assess
the results’ (Geological scientist, November 4th, 2015)
 ‘The method heavily relies on the availability of spatial data. If the
data is of poor quality you will also get poor results.’ (scientist and
policy advisor, October 2014)
 ‘The mechanistic approach is too simplistic. In the real world it is
often the sudden unexpected changes or the sum of many small
changes that make a difference.’ (scientiﬁc modeller, July 2014)
 ‘You only include the perceptions of the participating stakeholders
at the time of the workshop. Isn’t that too narrow and too
susceptible to change?’ (scientist, February 2016)
 ‘How strong will the evidence-base of the results of this workshop be
back in the political arena?’ (scientist and policy advisor, February
2016)
 ‘Complex spatial interactions like spill over cannot be modelled
within a few hours. You’ll miss out on just the effects that make a
difference’ (scientiﬁc economic modeller, 2012)
 ‘If your stakeholders don’t bring in that peak water levels occur
every 100 year you’ll miss out the effects that make a difference’
(hydrological consultant, 2010)
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